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ABSTRACT 
Some orthodontic deformities have skeletal components. One 
example is open-bite skeleto-dental malocclusion. One treatment for 
these skeletally dysplastic malocclusions is mandibular resection in 
order to rotate the anterior part of the mandible in a counter-clock-
wise direction reducing the open-bite skeletal defect. Hypothetically, 
this same effect might be achieved by relocating the masseter muscle 
anteriorly. In tnis instance, the function is altered by applying 
aore vertical pull in the anterior part of the 1111ndible. Thus, form 
ts altered by function. 
Seven mature cats were utilized to test ttu! feasibility of 
anterior positioning of the masseter lll.lscles and to observe any 
resultant effects upon vertical dimension and mandibular form. Mature 
cats with nonnal occlusions were selected in order to observe any 
changes in a fully grown animal. An open-bite was not created in 
. 
order to limit the variables in this study. One ani1111l was not operated 
on and served as a control. Two animals underwent the surgical 
procedure but had the masseter muscles placed back in the same location. 
Four animals had the masseter m~scles repositioned anteriorly. All 
animals were sacrificed at ninety days post-operatively . 
The masseter muscle reattached in the forward position as seen on 
gross observation. Tetracycline staining d.fmOnstrated new areas of 
bone deposition in the reattached muscle location as compared to the 
controls which showed no fluorescence anteriorly. Similarly, the 
hematoxylin and e~sin stained histological sections demonstrated new 
bone in the form of bundle bone. The original muscle location was 
undergoing resorption and fibrous replacement. Cephalometric evaluation 
of pre-surgical and post-surgical radiographs revealed no alterations 
in vertical dimension or mandibular position. 
This study, thus indicates that the masseter muscle can be 
relocated anteriorly and will cause at least a local change (bone 
deposition at the site of muscle reattachment; bone resorption at the 
original site of AJUscle attachment) in the skeletal units via the 
periosteal matrix at the end of ninety days. It is suggested that 
further study to investigate the long tenn effects should be carried 
out in animals with anterior open-bites • 
. 7 
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INTRODUCTION 
Certain orthodontic defonnities, such as malocclusions 
with anterior open-bites, may have skeletal components showing aberrent 
max111o-mandibular relations. Often these are mandibles which are 
malfonned in a vertical plane. Furthermore, these mandibles are 
characterized by relatively short rami, large gonial angles, and steep 
mandibular planes, creating a 'high mandibular plane angle' situation 
(3,47,48,57,7~,88-92,101,103,104,116-118). Surgical anterior positioning 
of the masseter muscle has been proposed (3,22,35,64,65,67,88) as 
a hypothetical approach to treating skeletally dysplastic malocclusions. 
This surgical approach of anteriorly positioning the 
masseter muscles (bilaterally) is based upon the presumed close relation-
ship of bony form and function (31,35,64,65,67,88). The effect might 
be to alter the function of the mandibular component and hopefully 
adjust the mandibular form. It is not known, however, how altering 
the periosteal (muscular) matrix after growth will effect the mandibular 
fonn. 
The effect of the masseter muscle in various skeletal 
aberrations may be of importance. Eschler (32,33) states that mandibular 
retrusion, as in the Pierre Robin syndrome, could be caused by incomplete 
fonnation of the masseter oblique. This has been corrected in some 
cases by surgical repositioning of the masseter muscle to the vertical 
ramus. Furthermore, he has stated that mandibular protraction may 
be caused by hyperplastic muscles. 
The influence of the masseter muscle upon the mandible 
has been correlated by various researchers to the muscle's development 
13 
(8,36,37,46,54,60,93,112,113,115). Still others have shown a lack 
of muscle function to result in a failure of the full development of 
the mandible (4,5,7,44,111). 
Based upon this presumed close relationship of form and 
function, the purpose of this study is to observe the effect of surgically 
repositioning the masseter muscles (bilaterally) anteriorly upon 
(a) vertical dimension, (b) mandibular morphology, and (c) the accompanying 
muscular attachment and osteogenesfs in mature cats. 
I 
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REVIEW OF THE LITERATURE 
I Developmental and Functional Theories 
A. Moss 
The functional matrix theory first introduced by Van der Klaauw 
(49) was expanded upon by Moss (65-68,75). The independent yet 
integrated functions of the head and neck (i.e. respiration, digestion, 
speech, smell, taste, vision, and neural integration) are carried 
out by what Moss calls a functional cranial component consisting of 
(a) the functional aiatrix (soft tissues necessary to carry out the 
function) and (b) the skeletal units (hard tissue which support and pro-
tect the fuoctional matrix. 
Through a series of articles, Moss (63-75) describes how the 
functional matrix ali. !rs the skeletal units. Hence, for example, he 
attributes mandibular angular development to the medial pterygoids 
(internal pterygoids) and the masseters. 
Each functional cranial component (65,66,69) is independent of 
one another, such that any alteration of one matrix causes a change 
tn its specific skeletal unit without necessarily involving other 
adjacent functional cranial components. Thus, alteration of the osseous 
portion of the skeletal unit in size and shape, brought about by the 
process of bone deposition and resorption, is due to the periosteal 
functional matrix. The periosteal functional matrix is exemplified 
by the temporalis muscle influence on the coronoid process (70). 
Muscle removal here results in a diminution of the process. "All 
responses of the osseous portions of skeletal units to periosteal 
matrices are brought about by the complementary and interralated 
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process of osseous deposition and resorption. The resultant effect 
of all such skeletal unit responses to per1ostea1 matrices 1s to 
alter their size and/or their shape"(70). 
The functional cranial components (functional matrix and skeletal 
unft) 1n turn form into cranial capsules (67,68). These capsules 
represent an envelope containing the functional cranial components 
located within two covering layers. The orafacial capsule, for 
example, has limiting layers of skin and mucosa and all growth of 
the functional matrices relating to the orofac1a1 area occurs within 
this specific capsule. 
Mandibular growth (63,65,67,68) is a prime example of periosteal 
and capsular matrices in facial growth. The functioning tissues of 
the orofac1a1 complex (muscles, nerves, blood vessels, glands, fat, 
teeth, and the oral, nasal, and pharyngeal cavities) are the primary 
factors which control the spatial position and size of the mandible. 
The movement of the mandible in space during growth, results from the 
volumetric expansion of the orofac1a1 capsule which is under the 
influence of the orofacial capsular matrix with its three functional 
spaces {oral, nasal, and pharyngeal). The change in fonn of the mandible 
as a result of these functional demands is directly controlled by 
the periosteal matr;x. 
According to Moss (63,65,67,68), the condyles are not primary 
sites of mandibular growth but possess compensatory growth potential. 
Thus, condylar removal does not inhibit the translation of the mandibular 
functional components or t,~~ changes in the fonn of the microskeletal 
units caused by the functiona·, matrix (as a result of functional demand). 
16 
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The mandible (1n this case of condylectomy) still translates in 
space due to the volumetric expansion of the orof1cial capsule. 
Therefore, condylar growth 1s necessary to aaintain the anatomic 
relationships of the condyle and g1eno1d fossa as the mandible a,oves 
downward and forward during growth and is considered by Moss to be 
secondary and compensatory. 
Mandibular growth is, thus, due to the capsular matrix (causing 
expansion) and per1ostea1 matrix (causing bone deposition and resorption). 
Moss (65,~8) believes that the alteration of the mandible (consisting 
of m1croskeleta1 units, for example, the masseter and medial pterygoid 
being .supported by the gon1a1 angle) 1n space causes the periosteal 
111tr1x to grow, that ts, the altered spatial position results 1n a 
functional demand change which in turn causes an adjustment 1n the 
mtcroskeletal units. Thus change in space and form results in mandibular 
growth. 
Per1ostea1 matrices (67) act upon their skeletal units causing 
an alteration of size and shape (form). Capsular matrices act upon 
the functional cranial components by altering their volume which causes 
the translation of these cr.anial components. Normally the functional 
matrices are regulated by neurotrophic processes which Moss divides into 
three categories (72): (a) neuro-ep1thelia1 (b) neurov1scera1 and 
(c) neuromuscular. The neuromuscular control, for example, is 
involved in detennining the type and location of muscle in growth and 
thus the trophic control is responsible for the skeletal unit changes. 
Scott (96) had stated this idea of a neural integrating system controlling 
auscle and thus function prior to Moss. 
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Moss' hypothesis 1s consistent with Thoma's (107) view of muscular 
function principally influencing the mandibular development. In 
addtt1on, it is compatible with the observations of (a) Avis (4,5) 
that removal of the masseter and internal pterygoids 1n growing 
rats, alters the gonial angle and (b) Washburn(111) that removal of the 
temporalis muscle in growing rats prevents the coronoid development. 
Specifically, the fonnat1on, growth, size, and shape of the gonial 
angle is a secondary and mechanical response to the presence and functional 
demands of the masseter and internal pterygoid muscles (Horowitz 
and Shapiro (44). Nanda et al (77), and Pratt (81) ). 
Moss can explain (not predict) the differences in faces and 
occlusions ·by his logarithmic spiral (71, 73-75). "There are characteristic 
differences in the position of the oral functioning spaces. acting as 
capsular matrices in anterior open-bite, while in deep bite these 
capsular matrices are at one end of the spectrum of nonnal positioning." 
(49). During orofac1al growth, the neural innervation must not be 
exposed to compression, tension, shear, or torsion. Therefore, the 
inferior alveolar nerve (a neurovascular triad including artery, 
vein, and nerve) follows a curvilinear pattern such that at no time 
1n growth or function is it subjected to external loading. The foramina, 
thus, are located in unloaded areas, even though they alter position. 
The three foramina involved 1n this spiral are the (a) foramen 
ovale, (b) mandibular foramen and (c) mental foramen. It is 
thus found, in anterior open-bites · that the foramen ovale is located 
furth~r down the logarithmic spiral (closer to the mandibular fora:ien). 
Thus the course of the inferior alveolar nerve is flatter and 1t 
means that the relationship of mandible-body to mandible-ramus is 
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obtuse. The idea of a short ramus is presented by Sassouni (88) 
and Proctor and De Vincenzo (82). Moss' finding of th·e foramen 
ovale closer to the mandibular foramen would indicate a shorter ramus. 
Moss suggests (73) that the differences in open and closed bites 
is due to the capsular functional matrices wherein the shape of the 
oral functioning ~pace may be abnormal or its location relative to 
the nasal and pharyngeal functioning spaces may be abnonnal. The 
form of the mandible observed is but the reflection of the form and 
position of the orofacial capsule within which it originated and grew. 
Moss (73) feels that the differences in open and closed bites 
1s due to location and shape differences in the oral functioning space 
and that, furthermore, these spaces grow gnomonically such that at 
any stag~· of development you can predict open-bite cases. The work 
of Proctor and De Vincenzo (82) (on humans with the masseter muscle location 
indicated on the cephalograms) concludes that the periosteal (muscular) 
functional matrices are not responsible for the obtuse gonial angle 
. 
observed 1n anterior open-bite or for the acute angle observed in 
anterior closed-bite. This is based upon the fact that they found 
no -apparent differences in (a) muscle inclination relative to occlusal 
plane or (b) location of muscle insertion. The differences seen were 
tn the position of the mean direction of the muscle fibers to the SN, 
Frankfort, palatal, and mandibular planes. Thus, the muscle (periosteal 
matrix) was normally positioned, but · the capsule within which this 
muscle existed was abnormal, as evidenced by the malposition of these 
four planes. Therefore, no support is given to the statement by 
Sassouni and Nanda (88) that muscles of mastication functioning 
19 
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at different levels cause open and closed bites. The work of Proctor 
and De Vincenzo (82) however, does support Moss• hypothesis concerning 
open and closed bites seen above. Thus the differences in location 
and shape of the oral functioning space has caused the proble111 but 
ft is still not known how the altering of the periosteal (muscular) 
matrix after growth will effect the bite. 
Moss (73) used Sassouni's study (88) and showed that, in open-
bftes, more horizontal growth than vertical growth occurs. This is 
what would .also be seen if the mandibular foramina were further down 
the logarithmic spiral 1n an open-bite. Furthennore, the horizontal 
growth 1n anterior open-bite cases takes place in a capsule whose 
111jor axis fs already inclined obliquely relative to nonnal. And 
so tt is seen that the horizontal growth now actually increases the 
lower face height ·in open-bite cases. ~egaard (78), with implants 
fn human subjects, showed that the more obtuse the gonial angle, the 
less vertical growth seen in the condylar compensatory growth and vice 
. 
versa in acute angle cases. This supports the vectorial design shown 
above by Moss. 
Moss (71) makes it clear that the logarithmic spiral can only 
tell where the mandible shall be (horizontal and vertical vectors) 
should growth occur. It does not predict growth as stated earlier. 
Furthennore, the logarithmic spiral indicates the spatial movement of 
the mandible (rotation). This is the passive translation of the macro-
skeletal unit within the expanding orofacial capsule. The c~ange 
in location of the mandibular foramen (upward and forward) would demonstrate 
the active transformative processes of the periosteal matrices 
(responsible for resorption and deposition of bone). 
Moss states (75) that "The position, angulation, resting lengths, 
and tensions of the masseter and medial pterygoid muscles (among 
others) would necessarily tend to be altered by the passive expansion 
of the orofacial capsule within which these muscles are embedded as 
another consequence of the rotation of the logarithmic curve." 
McNamara's (55) study, in muscular adaptation, stresses the role of 
efferent nerves with their contractile signals to extrafusal muscle 
fibers, for thP. compensatory musculoskeletal responses. His study 
involved alteration of the 1111scular function by utilizing bite 
blocks in monkeys in order to observe the resultant effects upon the 
skeleton and vice versa (altered skeletal pattern effecting muscular 
function). The study incorporated various age groups in order to 
evaluate this variance. Mandibular skeletal adaptations were seen 
in growing animals and consisted of alterations in the extent and 
direction of growth at the condyle. Adult animals demonstrated 
dentitional adjustments. He found as skeletal balance returned through 
adaptation, that the need for compensatory muscle function was reduced. 
Moss (75), as stated previously, feels the control of muscle, 
to maintain homeostasis, is via neurotrophic mechanisms. The altered 
muscle position, due to passive growth of the orofacial capsule, 
causes a neurotroph1c release which in turn reacts upon that muscle 
to alter its growth properties. Thus "altered functional states of 
muscles play a role in the subsequent regulation of the properties 
of the same muscles"(75). The muscular changes then would regulate any 
active growth occurring in the bone. This active remodeling due to 
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muscular (periosteal) matrices affects the mandibular outlines; 
however, the effect is not random as the basic mandibular fonn is 
maintained during its growth in size (translation and transfonnation). 
Moss feels that the processes of active and passive growth are beyond 
the skeletal units and functional (capsular. periosteal) matrices 
because they are so orderly (75). He feels that the overall regulation 
exists in the central nervous system. It is this higher control 
which allows the logarithmic growth pattern. 
B. Sassouni 
Sassouni (88) believes that the short ramus, high condyle, and 
obtuse gonial angle are instrumental in the make-up of the open-
bfte type. Sassouni agress with Moss· 1n that the basic growth pattern 
ts established for an individual, however, he has no answer for the cause. 
Concerned with the role of muscles, he proposed that the direction 
of muscular pull and attachment will determine the open or closed 
bfte situation. He has hypothesized an archial concept of facial types 
with a corresponding archial design of facial na.asculature. He purported 
that the facial musculatute be divided into an anterior and posterior 
vertical chain, the anterior being composed of the mimetic muscles, 
orbicularis oris, supramental, and suprahyoid muscles. The incisor 
teeth correspond to this chain of muscles. The posterior chain of 
muscles consisting of the masseter, medial pterygoid, and temporalis 
are the stronger. The molar teeth correspond to this chain of muscles. 
It was hypothesized by Sassouni that the posterior chain of muscles 
exerts a different dir.ectional force in skeletal open-bite than it 
22 
does 1n skeletal closed-bite. 11 In open-bite, this posterior vertical 
chatn of muscles exerts an oblique force posterior to the mol1rs' 
resistance and creates a mesial component of force between the steep 
palate and the mandible- ln deep-bite, on the contrary, the vertical 
chain is perpendicular and more anteriorly situated, thus exerting 
tts major force against the molars keeping them depressedu (88). 
Proctor and De Vincenzo (82) in their research dfd not find a difference 
1n muscle insertion location for open and closed bites. They did 
feel, however, that their experimental technique was not precise 
enough to reach definitive conclusions. They did find a difference 
1n tnc11nat~on of muscle fibers relative to SN, palatal, Frankfort, 
and mandibular planes and thus concluded that the capsule within 
which the muscle was located was abnonnal. 
Sassoun1, therefore, suggests different treatment be utilized 
for each of these problems. In open-bite situations, it follows that 
the 1D01ars should be d1sta11zed so as to come under greater influence 
. 
from the posterior vertical chain of muscles. This molar d1stalizat1on 
ts dtff,cult to do and also, this movement of the molars into the so 
called "wedge" (relation of mandible to maxilla 1s wedged apart, 
so to speak, by molar d1sta11zation) results 1n increased vertical 
height and jaw rotation clockwise, both of which accentuate the 
already existing open-bite. Theorectically, then, Sassoun1 suggests 
1t would be beneficial to surgically reposition the muscles anteriorly. 
Thus an effect of the muscle on the mandible and vertical dimension, 
can be seen ind;rectly by the effect upon the molars. 
Sassoun1 and Nanda (77) carried out such a procedure unilaterally 
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on twenty-eight day old dogs. Limited change was noted and this was 
attributed to the fact that the muscle was only moved slightly forward 
and was done unilaterally so that compensatory mechanisms too~ over 
on the unoperated side. The only changes observed, occurred where the 
muscular action was no longer being exerted (the same effect noted by 
various researchers - 4,5,7,16,17,44,81,111). 
C. Function 
The effect of lack of function on for= was studied by removing 
various muscles (tempora11s (5,17,111) and rnasseters (4,7,44,81) ) 
in growing ~n1mals .only to find a lack of development of the specific 
area to which the muscle was attached. Avis (5) felt that this was 
definite support to the theory that the mandible fs a composite 
structure made up of many relatively independent parts. Boyd et al 
(16) did not interpret the lack of mandibular development as being due 
to I lack of function but rather due to the removal of the blood supply 
to the bony part which comes via the muscle. In removal of the tempora11s 
' 
muscle from the coronoid process, while maintaining the blood supply, 
no· changes were noted in the bony structure of the coronoid process 
1n the rat. 
Further support to the functional type theory is given in the work 
of Rogers and Applebaum (87). They noted that the gonial angle and 
ramus height were preserved in edentulous patients who had functional 
dentures. Those patients who did not have dentures showed large 
gon1a1 angles, short rami, and flaccid musculature of the face. The 
. 
dentures 111intained tension 1n the muscles of mastication to prevent 
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loss of tone. This "good musculature" in turn 1111intained the mandibular 
skeletal anatomy. Furthermore, Boos (14) found that patients with 
Mover-closed" dentures showed lass biting force capability and atrophy 
was setting into their musculature; this in turn, he stated, was 
responsible for the mandibular skeletal changes - bone resorption 
occurring where there is now a lack of muscle force (function). Thus 
they (87) show a mutual relation between fonn and function. Rogers 
and Applebaum (87) went on to state that widening of the gonial angle 
ts associated with a decrease in tension of the muscle sling formed 
by the masseter and internal pterygoid with the resultant effect of 
bone resorption. 
Increased strong muscle contraction (as studied by Mjller 
(60) with the electromyographic technique) was noted to be associated 
wfth square-jawed, low mandibular plane cases. Similarly weak muscle 
function was associated with high mandibular plane patterns. This, 
however, is not always the case and one may find strong muscle function 
1n steep mandibular plane cases. Kuhn (50) feels that steep mandibular 
plane cases will resist clockwise rotation of the mandible if the 
. 
patient increases their muscular function by chewing on pieces of 
rubber tubing. 
To further study the effects of function on the form of the 
craniofacial complex, experimenters have studied the consistency of 
diet. Whitely et al (115) showed that increased consistency of diet 
will alter certain muscular and osseous tissues of the craniofacial 
coaplex in the rat. The changes noted are principally in areas to 
which the muscles of mastication are attached. Furthermore, the muscles 
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of mastication were seen to enlarge in response to increased function 
1n rats. From their work, they concluded that these changes as a 
result of function may be capable of effecting alterations in facial 
features. Similarly, Watt and Williams (112) studied the physical 
consistency of diet on growth of the rat mandible. Their planimetric 
study (method of measuring area) showed a change in mandibular fonn 
affected by a change in masticatory function. The increased muscular 
activity in the masseters, they felt, was responsible for the change 
because the area of difference was in the region of the masseter 
attachment. Thus they showed that bone tissue is biologically 
plastic and capable of adapting to functional stress. 
These same results- a heavier and larger mandible- were noted 
by Barber et al (8) in their study of rat mandibles as affected by 
consistency of diet. At the human level, Waugh (113) found, in studying 
the Alaskan and Labrador Eskimo, that their vigorous, tough, dry, 
hard diet is beyond a doubt the great factor in jaw development, in 
children, after weaning. Adults were seen to have strong well developed 
111asseters as well as heavy square mandibles (enlarged faces). Waugh 
thus concluded that "function begets structure" and the bone is under 
the dominant influence of muscle. He also observed that children 
of these parents who ate soft "White-man's" food, had smaller jaw 
structure, less aveolar prominence, and narrower arches than their 
parents. Thus, more than heredity is at work. 
The result of lack of function due to muscle removal has been 
seen and now Baker (6) demonstrates the effect of the lack of function 
in growing rabbits, .by grinding away the occlusal surfaces of the right 
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side, such that function will now be on the left only. Upon autopsy, 
the muscles of mastication on the right side were atrophied and pale 
and the mandible was defonned to the left side. The ramal height, 
as well, was less on the non-functioning side. In 1941 Baker (7) 
further showed that condylar cartilages transplanted to the leg muscle 
of a rabbit initially take on the basic mandibular fonn and then 
rapidly lose their structure and growth. This again supports a 
functional type theory. 
Appleton (2) sectioned the muscles inserting into the femur of 
rabbits and as a consequence found the bone to undergo torsional 
changes. These changes occurred only in growing animals. Since no 
changes occurred in the adult, he deduced that abnormal fonn could be 
produced by abnonnal forces acting upon normal bone during its growth. 
The Milwaukee brace (1,26) is another example of the effect of 
function upon fonn. Alexander (1) studied the effect on humans via 
cephalograms while Cutler et al (26) studied the effect on Macaca 
Mulatta. They found the following alterations to occur in the mandible: 
' resorption of the lower border 
decrease in genial angle 
decrease in mandibular plane angle 
counter-clockwise mandibular rotation 
inhibition of growth 
increased antegonial notching 
decrease in lower face height 
These results were noted in growing subjects and not in mature 
subjects wherein the effects would be less. 
D. Vertical Dimension 
Sassouni and .Nanda (88) and Schudy (89-92) have stressed that 
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vertical dysplasfas are often the origin of anteroposterior dysplasias. 
According to Schudy (89-91), open-bite depends upon the amount of 
vertical growth of the upper molars and this relationship to condylar 
growth. The controlling factor in open-bite is the amount of vertical 
growth· and horizontal growth as well as the relative vertical growth 
of the posterior and anterior alveolar processes. Thus we are dealing 
with growth vectors. 
Isaacson et al (47,101) concur with Schudy's vectorial interpretation 
of growth and mandibular position. High mandibular plane angles are 
theorized to result from small amounts of vertical condylar growth 
and large amounts of vertical alveolar growth producing backward 
mandibular rotation. This 1s then 1ccentuated by decreased ramus 
height. These are the people Isaacson .et al (47,101) expect to have 
open-bites. The backward rotation of the mandible, they feel, causes 
increased pull of the facial muscles which in turn is felt to be 
responsible for the constriction of the maxillary buccal segments. 
Bjork (12,13), with the use of metallic implants has shown that 
the variations in growth between facial regions cause the jaw rotations 
(backward or forward). He has also demonstrated that the downward 
and forward facial growth is a result of rotations and remodeling. 
The lower border of the mandible is constantly undergoing remodeling 
and thus masks some of the rotation that is actually occurring when 
the inferior border of the mandible is used as a reference. To compensate 
for this, he superimposes on the tip of the chin, inner cortical 
structure at the irferior border of the symphysfs, mandibular canal 
and the molar genn~ Then the angle between the two nasion-sella lines 
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1s read to give the degree of mandibular rotation. One of Bjork's 
hypotheses for forward rotation (13) 1s a center of rotation at the 
tempero-mandibular joint with powerful muscular pressure. 
Schudy believes that the main guiding influence to mandibular 
position is the maxilla (posterior alveolar height) (89-91). Further-
more. he fee~s that the relationship of ramal height to posterior 
alveolar height detennines overbite (SN to mandibular plane angle 
represents the relative ramus height, while the occlusal plane to 
mandibular. plane angle represents relative posterior alveolar height). 
Enlow (30) explains the increase 1n vertical ramal length as an 
acc0111110dat1on to the marked downward growth of the nasomaxillary complex 
as well as dental eruption. 
Merow (57) and Creekmore (25) in their studies of numerous cases 
(cephalograms) of open and closed bites, found the relationship of 
posterior alveolar height and facial height to be significant at the 
O.lS level. Merow found a high correlation between upper first molar 
vertical position and mandibular plane angle. 
The posterior vertical height development causes clockwise rotation 
of the mandible which would exacerbate an open-bite unless you had 
compensating horizontal growth from the condyles carrying pogonion 
forward (89-91). Furthermore, Schudy believes that the mandibular 
molar becomes of importance during treatment. Thus, in growth, the 
body of the maxilla and its posterior alveolar process are the responsible 
factors for increased anterior face height; however, in treatment, 
vertical development of the mandibular posterior alveolar process 
exceeds that of the maxilla. His main concern is mandibular rotation 
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which involves (as stated above) relative posterior vertical development 
and horizontal positioning of the mandible due to the condylar growth. 
In 1940, Brodie (21) had stated that the downward vector of growth 
of th~ mandible occurred due to alveolar growth upward against a 
descending plane; as the occlusal plane did not tip nor the gonial 
angle change, the condyle had to grow to keep up with maxillary and 
mandibular growth. 
In contradiction to Sassouni (88), Schudy (92) through clinical 
experience, has stated that molars do not intrude due to muscle force. 
This statement is based upon the fact that Schudy extrudes lower 
110lars to open-bites and does not find relapse. 
Nahoum et al (76) in their study of open-bite cases found 
(a) shorter posterior face height, (b) shorter lower molar dental 
height to MP and (c) increased lower face height. This contradicts 
Schudy's work (91) on maxillary molar intrusion for open-bites. They 
still observe the short ramus and obtuse.gonial angle. They conclude, 
however, that the open-bite can result from many morphologic combinations 
and that- ~s why we obtain different results with different approaches 
to the problem of open-bite. These findings were essentially that 
of Subtelny and Sakuda in 1964 (103). 
Subtelny and Sakuda (103) found open-bites to be more prevalent 
in growing patients. They attributed this to habits, growth of 
lymphatic tissue and as well, inadequate skeletal growth. As Nahoum 
(76), they found the molars not to be extruded and the incisors to 
be in fact extruded in these open-bite cases. They concluded that the 
size and shape of the mandible was the problem. Atkinson (3) in his 
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study of human skeletons came to the same conclusion. He demonstrated 
how the masseter muscles induce the angle of the jaw to become more 
obtuse. He says it is this bending of the mandible (caused by the 
aauscles of mastication) which causes the open-bite. Thus Subtelny 
and Sakuda (103) and Atkinson (3) have reached the conclusion that 
some cases just cannot be corrected orthodontically. 
Weinberg and Kronman (114) felt that the morphogenetic pattern 
of the muscles of mastication was the determing factor in 111intain1ng 
the proportionality of lower face height to total face height. The 
muscles would attempt to keep their optimum resting length. Their 
study indic~ted no significant change in the relationship of lower 
face height to total face height after satisfactorily correcting a 
deep bite. This is what Wylie (117) had also found. He felt that 
correction of overbite by elevating molars, encroached upon the 
free-way space and this was opposed by the musculature causing a 
relapse. 
Thompson and Brodie's (108) early work also was supported by 
~einberg and Kronman. They had shown that the vertical height of 
any face was constant throughout life (whether it be small or large 
to start with). Bjork (11), for example, found people with deep 
overbites to have a smaller total--facial height than people with 
nonnal occlusions. He further noted, that with age (from 12-20 years) 
deep bites become less deep and large overjets decrease somewhat. These 
changes were not nearly as marked in normal occlusions wherein 
little of these alterations are seen. 
Wylie (117), however, believed that certain patients lacked 
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vertical dimension of rest and occlusion and in these cases only, 
could molar elevation be tollerated to open bites. Wylie's work in 
1946 (118) takes contention with Sassouni's belief (88) of short 
ramus height and deep bites. In his study he found no significant 
difference in ramus height in relation to overbite. Total face 
height, lower face height, and 1ntermax111ary space was less at the 
molars in deep bite cases but there was no significant difference 
between nonnal bites and deep bites with respect to ramal height. 
Wylie (118) concluded that possibly the musculature associated 
with the dentition was responsible for the decreased vertical dimension 
fn rest noted in persons with deep bites. He felt that the muscles 
were short and of more than average tonus, thus holding the mandible 
closer to the maxilla. 
Similarly, Thompson and Brodie (108) proposed that it was the 
muscles of the face which maintained the specific vertical dimension. 
Even if teeth were lost, the vertical remained constant; the problem 
of loss of teeth and resultant overclosure occurred only in function. 
Thus the teeth just prevented overclosure in function - otherwise 
the muscles held the mandibular position. 
Breitner (19) in his studies found that he could alter not only 
the dentition but the glenoid fossa and gonial angle by use of Class 
II traction forces in monkeys. The angle of the mandible was found 
to increase and the glenoid fossa was carried fon1ard (thus maintaining 
condyle to fossa relation while mesializing the mandible). The mandible 
was also mesialized somewhat by increasing the gonfal angle. The 
reverse was seen to occur when Class III traction was used. 
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In a following study of vertical dimension, Breitner (20) 
showed the effect of muscle. The vertical dimension seen, he states, 
is a balance between muscular tone and bone architecture. He opened 
the bites in adult monkeys and found changes in both shape and position 
of the mandible. This he said was natures attempt to re-establish 
correct vertical dimension. He stated that length of the masticatory 
muscles is constant for that individual once developed. The bone 
transfonnations noted in this study, wherein the vertical dimension 
was increased, indicated an adaptation of bone occurring to re-establish 
11Uscular length. The forces created by opening the bite, he showed, 
are transmitted to the condyle, fossa, and gonial angle by increased 
resistance (occlusal stress in the long axis of a tooth causes increased 
trabeculation - compensatory strengthening - when there is no pathology) 
of the alveolar bone. Thus, the bony alterations noted to re-establish 
vertical dimension and thus muscle length are seen. The changes 
noted in the alveolar bone are attributed to the constant pressure 
exerted on the teeth by the bite - opening appliance and not the inter-
m.fttent forces of mastication (which one might expect to be greater 
now). 
Furthermore, Boos (14) found maximum force is exerted by the 
masticatory muscles at the normal vertical dimension when he studied 
patients' biting power "as noted when one attempts to bite a large object 
verses a small object" (14). Boos (14} could establish a patient's 
proper vertical dimension by finding out where he exerted the greatest 
pressure. Thus bite-raising appliances work by constant slight 
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pressure (20). 
Considering these facts, Breitner (20) feels that the open-bite 
case has the correct vertical dimension and thus the way to correct 
ft would be to increase the muscular force by meins of raising the 
bfte 1n the region of the molars (to depress them now via muscular 
action). 
II Muscle-Bone Relationship 
Scott (94,96) divides the mandible into three basic types of 
bone-basal, muscular, and alveolar. The basal portion is a tube-
like centra~ foundation, running from condyle to symphsis. The muscular 
portion (the gonial angle and coronoid process) is under the influence 
of the masseter, internal pterygoid, and temporal muscles. Hustle 
function, thus, Scott states, determines the ultimate fonn of the 
aandfble in these areas. Reduced muscle activity would account for 
the flattening of the gonial angle and reduction of the coronoid 
process. Other studies carried out to see the effect of muscular 
function on facial type showed a difference in muscular activity 
when comparing subjects presenting different skeletal patterns (52, 
83,34). Proffit (83) reported a case wherein severe muscle weakness 
was noted fn conjunction with severe open-bite. M,11er (60) also 
found a difference in muscular activity when comparing cases of different 
cranial base form. He found a smaller cranial base angle associated 
wfth strong activity of the masseters. 
Sc•tt (93) purported that the increased thickness of the 
cortical bone in adults 1s due to increased muscular development. 
34 
The reverse then occurs· in old age, wherein the atrophy of the muscles 
leads to reduced cortical substance, and tendency toward fracture. 
These conclusions are based upon a review of human specimens as well 
as animal experimentation. Scott also demonstrated that 1n the same 
individual, the bones responsible for heavy function (for example, 
the femur) are thicker and stronger. In paralysis, where the muscle 
1s either weakened or does not function at all, the bones associated 
with that muscle undergo less development. 
In reference to the mandible· itself, Scott believes there is 
a definite relationship between ramal size and muscle use but no such 
corr~lation exists for the length of the body of the mandible (93). 
Scott (95) in 1958 presented a thesis, wherein, the resorption 
of the anterior border of the ramus occurred to maintain the temporal 
muscle relation to the temporal fossa and was really not involved 
1n increasing mandibular length. This demonstrates how muscle function 
alters bony fonn. 
The role of muscle and skeletal structu~e is quite complex as 
shown by _McNe111 et al (56). They have shown how increased muscle 
pull due to anterior positioning of the mandible by surgical resection 
can lead to skeletal relapse while even in fixation. Poulton and 
Ware (80) have observed the same thing and exp~ain it by the forward 
positioning of the mandible which lengthens the suprahyoid muscles. 
This, in turn, brings the hyo1d bone forward with the resultant length-
ening of the infrahyoid muscles. The tendency for these muscles to 
return to their resting length causes the relapse. The muscle again 
detenn1nes the skeletal form. 
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Increased muscle activity seen in the masseter (Guggenheim 
et al (37); Maxwell et al (54) ) due to clenching, is associated with 
both hypertrophy of the auscle and hyperostosis at the lateral border 
of the angular process. Hrdlicka (46) states that the nonnal reaction 
of bone to increased muscular action is thickening of the bone to 
which the muscle is attached. This is an abnonnal process, but this 
still represents changes in Moss' skeletal units secondary to the 
changes in the functional matrix. What is not known, is how does 
a change in one functional matrix affect an associated functional 
1111trix, if at all? 
. Why th~se hyperostoses occur in one individual with masseter 
hypertrophy and not others, Guggenheim (37) speculates is due to 
genetic (individua·1) differences. Moss (66) states that "there fs 
no obvious cause and effect relationship between the attachment 
(direct or indirect) of a muscular functional matrix to the type 
of osteogenic growth process occurring on that specific surface". 
Hoyte and Enlow (45) stress this, indicating that areas of muscle 
attachment may show either bone deposition or resorption. They have 
Shown in monkeys and rabbits that increased muscle pull during function 
may be directly related to either osseous deposition or resorption. 
Thus, uthe means of transmission of the tension from the muscle 
matrix to the skeletal unit through the bone-muscle interface is 
a major problem" (66). 
Townsley (109), referring to Wolff's law, states that the changes 
in the function of a bone results in changes in both the internal 
architecture and external confonnation. In his study of human fetuses, 
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he showed how increased muscle use, at the age of one year, alters 
the bony structure of the femur from its previous fetal trabecular 
pattern. Furthennore, upon phylogenetic examination he has shown 
that the femur fonn has changed with the advent of muscle attachments. 
The basic form will remain upon removal of these muscles due to 
genetic control, however, as in Baker's work (7), the genetic fonn 
will be lost ff the function does not soon appear. 
Another instance of muscle effect upon bone, is club-foot. 
Bechtol et al (9) felt the cause was an abnonnal development of 
skeletal muscle. From his histological and gross examination of 
human specimens, he concluded that the bone deformity resulted from 
(a) muscle imbalance between opposing muscle groups during maturation-
. . 
that fs, one group of muscles is less mature and weaker than the 
opposing group with a resultant greater muscle pull to that side, 
causing the deformity or (b) retained fetal position due to lack 
of muscle volume, that is, a shortening of the muscle fibers. In 
the case of treatment of congenital hip dislocation, the direction 
of muscle forces is altered, and Bechtol proposes this is the reason 
for the return to nonnal skeletal fonn. 
Stewart (102) also concurs that club-foot is muscle influenced 
but, believes ft is due to the developing muscles becoming attached 
. 
to the skeleton in an abnormal position or due to degeneration and 
replacement by fibrous tissue of part of the muscle tissue. In 
reference to poliomyelitis, Stewart states that the deformity in the 
bone is a result of a change in muscle power and relative muscle 
volume. 
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Yan Z11e (110), upon surgical reduction of mandibular prognath1sm, 
reattached the masseter muscle 1n a forward position on the mandible. 
He felt this was a major factor in the absence of relapse. Eschler 
(32.~3) also moved the masseter muscle surgically to effect osseous 
changes. He believed retrognathia, as seen in the Pierre-Robin 
syndrome, was due to defective development of muscles having protractive 
capabilities. Upon the belief that the protracting component of the 
masseter muscle was hypoplastic, Eschler detached the muscle from 
the mandible body and reattached it to the vertical ramus. Thus he 
was able to obtain more protraction of the mandible which 1n turn 
relieved the .air and food passage 1mpa1nnent which is seen in these 
retrograth1c children. From this work, he sunmized abnonnal muscle 
insertion (high on the ramus) would be one reason for mandibular 
prognathism. (The masseter muscle originates from the zygomatic 
arch and inserts into the outer surface of the mandibular ramus. 
The muscle is incompletely divided into a superficial oblique portion 
and a deep vertical portion. The superficial portion exerts pressure 
perpendfc~lar to the occlusal plane while the deep portion retracts 
the mandible from a protruded position (32,33) ). Eschler has shown 
that the two portions of the masseter muscle are antagonistic, the 
deep having a retraction capability and the oblique (superficial) 
having a protract;ng capability. 
Boos (14), from his studies of muscle forces exerted by humans, 
has stated that the distance from origin to insertion of a muscle 
determines the force it may exert. When thfs distance is decreased, 
the muscle loses ·tone and does not regain maximum power. Similarly 
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when stretched beyond a critical point. it fs weakened. Boos has 
gone on to state that when a muscle is elongated within physiologic 
ltmits, it will attempt to reach1eve homeostosfs (unless re·sistance 
1s greater than the mscle force) which might involve: 
ab) elongation of the muscle fiber itself (24) ) alteration of neuromuscular feedback (34,35) 
de) migration of the muscle attachment along the bony surface (28) ) alteration of the bone itself (55) 
Haines observed, from hts work with rabbit 111.1scles, that the 
muscle grow~ 1n response to traction at its origin and insertion. 
Thus, when bone grows and stretches the muscle, the muscle also 
grows (elongates). He believes this to be the main method of muscle 
. . 
growth, but he does not discount migration of muscle as another means 
of muscle adjustment to bone growth. T~is elongation of the sarcomere 
unit was also demonstrated by Crawford (24) wherein be repositioned 
the muscles of a rabbit 1n the foot. 
Alteration of neuromuscular feedback (34) would involve the 
central nervous system causing an adaptation of the muscle spindle 
and golgf tendon organ. The golg1 tendon organ prevents excessive 
-
~scular contraction while tJle muscle spindle protects against 
excessive muscle stretch. Stretch causes the muscle spindle to send 
messages via the alpha afferents to the alpha motor neuron and then 
back via the alpha efferents to cause muscular contraction. The 
ganna efferents to the muscle spin~le can also cause this reflex 
arc to occur without any stretch. Thi's response is altered via the 
central nervous system (55). 
From his experiments with Rhesus monkeys, Enlow (28,31) proposed 
that the migration of muscle involves a continued release of muscle 
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attachment and progressive reattachment with some fibers being constantly 
inserted. The reinsertion can be occurring, as well, on resorptive 
surfaces. Thus muscle migrates. Symons (106) speaks of resorption 
causing the muscle attachment to be temporarily periosteal and thus 
allowing the muscle to migrate. Symons analyzed human fetuses of 
varying ages and thus determined this detachment and reattachment 
process of the collagenous fibers of the muscle tendon. He noted 
areas of bone resorption with interspersed areas of unaffected bone 
wherein collagenous fibers of the muscle tendons were still inserted. 
Furthermore, the areas which had shown resorption now had new bone 
deposition w1th fibers inserted once again. Thus, Symons believes 
that bone resorption and bone deposition are the means whereby the 
111scle relocates in those cases that there is fibrous attachment of 
the muscle to bone instead of an attachment to perioste1111 (which 
would allow the 'slip' of the muscle). Thus resorption frees the 
muscle from the bone as well as performing its primary function of 
remodeling bone (the muscle becomes temporarily perfosteally attached). 
Symons (106) dfd not find a direct muscular attactvnent into the 
perfosteum for the masseter muscle, but rather an indirect attachment 
via the masseterfc sling (union of masseter and internal pterygoid 
at the gonial angle). Though some fibers do penetrate the lower 
border of the mandfbl~. there would seem to be no direct application 
of Sharpey's fibers to the bone. Lacroix (51) upon adult examination 
(verses fetuses for Symons) found strong fiber attachments into 
bone. 
Muscle attachment to bone fs by two methods ft fs believed (29,45): 
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(a) Sharpey's fibers extending from the connective tissue 
framework of the muscle directly into the cortical bone. 
(b) Coarse collagenous fibers passing from the perimysium 
into the fibrous layer of the periosteum. This periosteum is in 
turn tiound directly to the bone by fibers which are a part of the 
ordinary intercellular bone matrix. 
Enlow (29,45) has shown that in cases of bone resorption the 
111scle remains in tact because their fibers do not respond to the 
• 
resorptive process. The presence of a muscle attachment, he feels, 
is Just one of a host of factors that determines whether· bone resorption 
or bone dep~sition will occur. There is no way to predict which 
will occur. Thus, increased function (tensile strength) does not 
necessarily mean increased bone deposition. 
Lacroix (51), from his work, feels that the attachments of muscles 
that change their position with growth of the bone are fixed to 
periosteum, and not until growth is complete do deeper fibers grow 
into the bone. In young animals this is seen by the ease with which 
the masseter is removed from the mandible. 
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MATERIALS AND METHODS 
Seven adult cats weighing between three and four kilograms 
111ere used as the experimental animals. The cat was selected because 
of tts size, ease of handling, and a masseter R1Uscle relation to 
111ndtble similar to that of the human (23,27,97). All cats demonstrated 
full adult dentition. Adult cats were chosen based on the premise 
that at this age (one to two years) natural growth ts considerably 
diminished and thus would not interfere with the experimental procedures 
•nd ·interpretation of results (53). 
The cats were housed in separate cages and allowed to adjust 
to their environment for two weeks prior to the surgical procedure. 
They were fed Purina Cat Chow (hard) and water ad libidum. 
. . 
The animals were divided into several groups. The experimental 
group consisted of three cats that underwent bilateral muscle reposition-
tng. The surgical control group consisted of two cats that underwent 
the exact same procedures as the experimental group except that the 
masseter muscles were replaced in their original position. One cat 
served as~ non-operated control and one cat served as its own control, 
i'n that it was operited on one side only. 
A. Surgical Procedure 
Each cat was anaesthesized with intraperitoneal sodium pento-
barbttal at a dose of 30 mg per kilogram. Atropine (0.02 mg) was 
then injected intramuscularly in a ·hind leg and as we]1 ~ ~00,000 u 
of benzathine penicillin (Bicillin) was given. Following anaesthesia, 
each animal was weighed and a cephalometric x-ray taken (see cephalometry 
fol lowing). 
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The surgical stte was shaved with electric shears and scrubbed 
with Phisohex. The animals were draped and a sterile technique 
. 
was observed throughout the surgery. A curved incision was made 
parallel to and 0.5 centimeters behind and below the posterior and 
inferior borders of the mandible. This incision extended through 
the skin and subcutaneous tissue down to the platysmus muscle. The 
platysmus muscle was then incised. The facial vein was ligated and 
cut. Blunt dissection was utilized to extend through the cervical 
fascia down to the masseter muscle which was then completely exposed 
to the zygomatic arch. The masseter muscle was then incised at its 
attachment to · the lower border of the mandible as far inferiorly as 
. 
possible and freed of its insertion on the mandibular ramus with a 
periosteal elevator (Ftg.5). It was then moved anteriorly (at least 
one centimeter) such that the muscle pull was in a posterior direction 
trom mandible to zygomatic process without tension (Fig.6). With 
a n1111ber six round bur, in a slow speed dental handpiece, a hole 
was drilled through the body of the mandible one centimeter anterior 
to~the new·position for the masseter muscle. A number zero polyglycolic 
. 
acfd suture was passed through the muscle and then through this hole 
and tied, thus pulling the muscle forward. Additional number 4-0 
polyglycolic acid sutures were placed to suture the muscle to periosteum. 
The bur was then broken and placed in the drill hole on the right 
side and used as a marker. The surgical site was irrigated and 
closed in layers with absorbable sutures. Neosporin was placed 
over the incision site and "booties" placed on the feet of the 
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animals to prevent scratching of the surgical site. 
Beginning a few days after surgery, all animals received an 
intramuscular injection of oxytetracyc11ne .(Pfizer) at a doseage of 
twenty-five mg./kg; once every week to mark the deposition of new 
bone (10,39,40,53,58,59,61,62,85,98,99,119). This injection was 
administered up to the time of sacrifice and included the control 
animal. For one month following the surgical procedure a soft diet 
(Purina canned cat food) 1nclud1ng milk and water was utilized. Then 
the animal was returned to the regular diet for the next sixty days. 
At the end of ninety days, the cats were anaesthesized, weighed 
and ~-rayed. They were then killed with an overdose of sodium pento-
barbital. The entire mandible, with the masseter muscles attached, 
was removed. The mandible was separated at the symphysis and one 
half was defleshed for ultraviolet light examination. The other 
half (with masseter muscle attached) was used for histological examination. 
B. Cephalometry 
~ A la~eral jaw radiograph (cephalogram) was taken of each cat 
pre-surgically and post-surgically (at sacrifice). As well, a 
rad1ograph was taken of the mandible halves after sacrifice for 
measurements in comparison to the control (Fig. 10, Fig. 11). 
The cat's body and head were supported in a Whemer Cephalostat 
by a surgical sling (f;g.1). The head holder was readapted with 
ear rod extensions of orthodontic acrylic and a nose piece of 
orthodontic acrylic in order to stabalize the cat's head. The 
external auditory canals alone cannot be used in the cat because they 
are long and flexible leading down to the bony ear canal. The nose 
piece and chin support (from the surgical sling) overcame this problem 
and thus the head was easily positioned and repositioned correctly 
as in the case of a human. 
The radiographs were taken on standard Kodak cephalometric film 
with the following x-ray settings: KVP•90; seconds•3/10; MA•15. 
A pre-surgical film (Fig.2) and a post-surgical film (Fig.3) was taken. 
A cephalometric analysis was done based upon the work of Parker et 
al (79) in order to note any change in gonial angle, mandibular position, 
vertical face height, and lower molar position (Fig.4). 
C. Tetracycline Staining 
One half of the mandible was utilized to observe tetracycline 
staining. This half was completely defleshed and placed in 10% 
formalin. Then this half of the mandible was observed grossly under 
ultraviolet light. Pictures were taken using a Minolta system (100 nm 
lens on a bellows) mounted on an enlarger with the ultraviolet light 
being the only source of light. A Vivitar number eight K2 filter 
(yellow) .was fitted to the lens and Ektachrome ASA 160 was used. 
A setting of F 5.6 and an eight second exposure was used. 
D. Histology 
. 
The other half of the mandible was not defleshed (the masseter 
was left attached). It was fixed in 10% fonnalin and decalcified 
in si nitric acid and then prepared for hematoxylin and eosin staining. 
Sections of eight microns were taken as follows: 
(a) control - at muscle attachment to the mandible 
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(b) surgical control - at muscle attachment to the man1~ible 
(c) experimental - at muscle attachment to the mandible 
(new position located anteriorly) 
- at previous site of muscle attachment to 
the 111ndible. 
Sections were taken 1n a bucco-lingual direction through the 
mandible • 
• 
' 
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OBSERVATIONS 
A. Gross Observations 
At sacrifice, in situ, the masseter muscle reattached tn its 
anterior position (F1g.8) as compared to the posterior position of 
the .control muscle (Fig.7). The.direction of the muscle fibers tn 
the experimental animal runs from the mandible upward and backward 
(F1g.9) as compared to obliquely upward and forward for the control 
(F1g.7). The muscle has reattached a full centimeter forward demonstrated 
by the amount of angular process and body of mandible exposed (Fig.a, 
Ffg.9). 
There were no gross changes observed in the overall dimensions 
of the mandible as compared to those measurements taken fl'Offl the 
lateral radfographs. Similarly, there were no significant differences 
noted ·1n the dry measurements of the mandibles when comparing one 
1ntmal to the other (Table 1) especially since these animals are of 
different size and weight. 
Two ~f the experimental animals developed outgrowths of bone tn 
the masseteric fossa at the posterior area of the masseter muscle's 
new position (Fig.13, Fig.14). 
B. Radiographic and Cephalometric Analysis 
The trabecular pattern of the mandible of the control animal 
, 1s far more distinct than that of the mandibles of the surgical animals. 
the cortical bone on the inferior border of the mandible is more 
aarked and dense in the .control animal in comparison to the surgical 
animals (Fig.10, F1g.11). The mandibles of the surgical animals 
are somewhat smaller than that of the control but also note that the 
weights of these cats are less • 
. From the cephalometrfc analysts (Ffg.4) no changes are observed 
1n 111ndfbular position, gonial angle, molar position, and vertical 
face bafght when comparing pre-surgical to post-surgical cephalograms 
(lateral jaw radiographs). 
C. Tetracycline Staining 
While observing half of the mandible grossly under ultraviolet 
light fluorescenc~ is noted. This 1s indicative of bone production 
. 
(10,39,40,53,58,59,61,62,85,98,99,119). Marked fluorescence 1s 
observed on the control animals (Fig.12) only at the inferior border 
of the mandible. The experimental animals show marked fluorescence 
on the body of the mandible in the anterior position where the masseter 
muscle was reattached (F1g.13, Fig.14). Furthermore, two experimental 
animals demonstrated outgrowths of bone which fluoresced markedly 
(Ffg.13,Fig.14). 
• 
D. Histological Examination 
Upon examination of the histological sections of the experimental 
animals, hyperostot1c bone growth, non11al bone, and the muscle re1ttach~ 
ment to a thickened periosteum (Ftg~16, Fig.17) is seen (20,85) 
as compared to normal bone and muscle attachment to a thin periosteal 
layer in the control animal (Fig.15). 
In the experimental animal, there is bone resorption with fibrous 
replacement (Fig.18) at the site where the masseter muscle had 
previously been located. Figure 19 demonstrates normal bone, nonnal 
perioteum and nonnal muscle attachment in the surgical control animal 
wherein the muscle was removed but put back in the same location. 
Figure 20 represents a surgical control animal wherein the masseter 
muscle was not replaced exactly and now resorption ts observed occurring 
in the mandible where the mascle was previously located. 
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· DISCUSSION 
Brodie (22) in 1953 stated that it was necessary to learn to control 
the oral musculature in order to better treat orthodontic cases. Subtelny 
et al ·(103), Atkinson (3), and Sassouni (88) have also concluded that more 
than just tooth movement is required in the treatment of some cases. 
Washburn (111), Avis (4,5) and Pratt (81) are just a few investigators 
who have shown that muscle attachments dictate the final shape of the 
mandible. These findings, however, were based upon the observation 
of growing animals. 
This experiment has dealt with adult animals in which growth 
• 
and spatial relocation have ceased to occur. The number of variables 
to be dealt with are thus greatly decrea~ed. Enlow (31) points 
out the complexity of interpretation of osseous changes when 
growth is involved. "The. regulation of growth, development, and 
differentiation embodies a graded series of control levels, from 
systemic down to local. Master control involves an interaction, 
during growth, between the many separate organs and tissues 
. 
throughout ·the entire body, a.nd it utilizes diverse regulatory 
contributions from a variety of systemically distributed hormones, 
nutritional agents, respiratory and other enzymes, temperature 
regulation, vasomotor control, hydrogen potential, oxygen concentration, 
and other similar factors" (31). Regional control exists as well 
in these growing animals. This is responsible for the tension-resorption 
relationships in bones instead of tension-deposition relationships 
which allows the relocation of the bone to occur in the growing animal 
while maintaini_ng the same morphology. A bone is undergoing 
surface resorption and deposition as part of its remodeling process 
during growth and thus interpretation of any findings would be 
made most difficult. The muscular arra_ngement does not correspond 
to the areas of resorption and deposition. The conclusion reached 
by Enlow (31) is that muscle tension can be associated with bone 
resorption or deposition and it is not a smiple relationship of 
tension leading to bone deposition. 
Enlow (28,29,31) suggests that it is possible that bone 
growth occurs as a result of the soft tissue matrix growth independent 
of mechanical stress, and/or the soft tissue may be growing as 
a result of the mechanical stress that supplements genetic 
disposition. · 
Although the cellular dynamics of bone remodeling and relocation 
can be described, the reason these changes occur is as yet unclear. 
En1ow (28-31) agrees that function is responsible for form 
in any tissue; however, there is feedback between the areas due 
to the expression of composite functions.which can be influenced 
by existing morphology. Enlow speculates that, in growth, these 
functional · demands (stress) b~come subordinate to relocation demands 
of the bone which he calls the architectonic factor of relocation. 
The tetracycline absorption indicates that in the experimental 
animals muscle reattachment may have stimulated the periosteum 
to create bone. This is further supported by the formation of 
bundle bone as observed in the histological sections; bundle 
bone is representative of new bone formation. This supports 
Moss• periosteal matrix theory. Bone will react to its periosteal 
matrix which is a s·upportive tissue for the muscle attachment. 
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Avis (4,5) and Washburn (111) have demonstrated this point by 
removing the muscle from its periosteal matrix and observing a 
resultant change in osseous architecture. In this experiment, 
muscle · tension has been created by the anterior placement of the 
masseter muscles which in turn caused bone deposition. This 
increased muscle tension was not sufficient, however, to cause 
a change in vertical dimension in the face or in the mandibular 
posftion ·within three months. Harvold, (41,43) from his studies 
with muscle position in the mandible, states that for bone to take 
on a specific form in function as a result of muscle alteration 
. 
. 
it is dependent upon a stable situation for six to nine months 
(43) and at the end of one to one and a ~alf years muscle relapse 
may still occur. 
Booe changes are very rapid where periosteum has been stretched 
(41-43) by muscle attachment. Harvold explains that the stretch 
of the periosteum alters the cell enviroRment leading to bone 
deposition only in some cases. The zygoma, for example, will not 
, 
produce bone in such a situation. 
~ 
Risinger and Gianelly (86) observed vertical changes in the 
face of the monkey within three months, however, these results 
occurred with the use of mechanical forces and open-bite as opposed 
to the physiologic stimulation used in this experiment. Similarly, 
Nanda et al (77) utilizing growing animals, found only a limited 
change in bony fonn after nine months of anterior positioning of 
the masseter muscle unilaterally. Their explanation was that 
the nonnal side was able to compensate for the surgical side. 
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The bony change seen fn this experiment would indicate an adaptation 
of bone occurring to re-establish muscular length {as found by 
Breitner {19,20) and McNamara {55) ). Hrdlicka {46) stated that 
the normal reaction of bone to increased musc•lar action is thickening 
of the bone to which the muscle is attached. This is an abnormal 
process but ft still represents changes in Moss' skeletal units 
secondary to the changes in the functional matrix. 
The resorption demonstrated at the original muscle location 
resulted from a decrease in periosteal activity possibly as a 
consequence of decreased muscular action {14,41-43). This concurs 
with the findings of Washburn {111) and Avis {4,5) that demonstrate 
that the surface features of the bone are dependent upon muscle . 
stimulation. The fact that the overall dimensions of the mandible 
remained the same, indicate that changes in form are limited to 
. 
local areas {bone resorption in the previous muscle location and 
bone deposition in the area of anterior reattachment). This represents 
a skeletal unit response to its own periosteal matrix demands; 
that is, a .secondary and compensatory osseous tissue response 
to -the demands of the specific periosteal functional matrix (69). 
Thus, a dimensional increase in the constituent skeletal unit 
is seen, while spatial change in the mandible as a whole is not 
observed. A response of the whole mandible to the altered functional 
demand is not seen. 
The question arises whether or not a change in the periosteal 
functional matrix can alter the capsular matrix. The periosteal 
functional matrix is responsible only for local morphological 
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changes of the supporting osseous structure while the capsular 
. . 
matrix controls the three dimensional aspect of the maxillo-
facial structure. Moss (65,66,69) has stated that any alteration 
1n one periosteal functional matrix causes a change 1n its specific 
skeletal unit without necessarily involving other adjacent functional 
cranial components. Can one expect a change in the functional 
matrix of the adult to alter the capsular matrix such that a 
skeletal dysplasia may be corrected? In growth, it is presumably 
the expanding capsular matrix which places the demand upon the 
functional matrix to alter the periosteal (skeletal) matrix • 
. The distinguishing factor in open and closed bites, according 
to Moss (49,73) is due to a difference in location of the oral 
capsular matrix relative to the nasal and pharyngeal functioning 
spaces. The logarithmic spiral which insures that at no time, 
1s there external loading upon the inferior alveolar nerve, is 
an indicator of such a developing problem. The foramen ovale 
would be located further down the logarithmic spiral (closer to 
the mandibular foramen) in an open~bite situation. Thus, the 
course of the inferior alveolar nerve is flatter necessitating 
an obtuse gonial angle. It is obvious that a reduction in the 
gonial angle, after growth, might result in compression of the 
alveolar nerve if the amount of osseous remodeling is not sufficient 
to compensate. 
Rogers and Applebaum (87) have demonstrated that edentulous 
patients who do not possess dentures to maintain their vertical 
dimension have altered mandibles. The mandible now has short 
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rami and large gonial angles, and as well, the patient's musculature 
is flaccid. ln terms of Moss' theory, the capability of this 
patient to •over-close' has caused cofl1)ression of the inferior 
alveolar nerve (logarithmic spiral) necessitating a change in the 
mandibular form. The muscle thus becomes lax and the gonial angle 
widens. 
Brodie, (21,108) had found that a subject's overbite as well 
as their gonial angle are stable throughout life. Again, applying 
this to Moss' logarithmic spiral, it is seen that this would be 
necessary in order to maintain the predetermined course of the 
inferior alveolar nerve in an unloaded manner. 
Breitner (20), from his studies with adult monkeys feels 
that the open-bite case has the correct vertical dimension and 
thus the way to correct ft would be to intrude the molars. The 
technique he Suggests is the use of a posterior bite plate to 
increase muscular force. In this manner, the basic mandibular 
form is maintained and Moss' logarithmic spiral concept is not 
violated - the course of the inferior alveolar nerve is the 
same. 
Alexander (1), in a clinical study of growing patients with the 
Milwaukee brace found a flattening of the face with dental intrusion 
and flaring. He felt that changes observed were dependent upon 
age. If it was a mature face, he expected the effects to be much 
less. Similarly, if the brace is worn many years, the results 
would be significantly different. In the growing child the 
. 
Milwaukee brace may be influencing all the capsular matrices (nasal, 
pharyngeal, and oral) as this patient demonstrates difficulty 
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in b~athfng and speak~ng. A further ch~nge in the capsular 
matrix {during growth) is noted by the flattening and tipping of 
the palatal vault. This elevation of the palatal plane, allows 
the basic mandibular morphology to remain constant such that the 
path of the inferior alveolar nerve is not violated. This would 
be 1n agreement with Moss' philosophy of the logarithmic spiral. 
Basically, the vertical growth is being affected by the pressure 
of the brace resulting in a directional change in the normal growth 
pattern. 
Cutler et al (26), in their study of growing monkeys with 
Milwaukee braces, found the results of Alexander (1). The entire 
dentofacial complex appeared to be moving in a counterclockwise 
direction around an undetermined axis. Again, the occlusal and 
palatal planes elevated while the only basic alteration to the 
mandible was resorption along the inferior border. Upon removal 
of the brace, nonnal downward and forward.growth of the facial 
complex occurred, but Cutler cautions that this apparent rebound 
is in a growing animal and thus may not be rebound at all. 
Dental recovery is seen; teeth return to their original position 
as in orthodontic relapse. 
Thus the capsular matrices may be interferred with during 
growth; however, once growth is completed changes are limited by 
(a) the capsular matrix itself and {b) the requirements of the 
inferior alveolar nerve to be stress free. The latter is dependent 
upon the amount of osseous remodeling that can occur after growth 
to maintain such a condition. 
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Even though Proctor and DeVincenzo (82) did not find a difference 
in muscle insertion for open and closed bites, they did find a 
difference in inclination of the muscle fibers. The problem, 
Moss (73) stated, was due to the capsular matrix, within which 
the muscle is located, being in the wrong place. Assuming that 
the capsular matrix cannot be corrected after growth is complete, 
Sassouni's (88) hypothetical approach of surgically relocating 
the masseter muscles to correct open or closed bites is supported 
by Proctor and DeVincenzo's (83) work; Sassouni's end result is 
alteration of the muscle fiber inclination. 
No dramatic effects are revealed. Muscle reattachment does 
occur, however, it may be too early to de~ote muscle stability. The 
method of muscle reattachment to bone observed in this experiment 
is that of coarse collagenous fibers passing from the perimysium 
into the fibrous layer of the periosteum which then binds to the 
osseous layer. Symons (106) suggests that these findings may 
be a precursor to relapse. He describes the muscle reattachment 
observed in ·this experiment as. a temporary muscle to bone attachment 
which allows muscle relapse to occur. Lacroix {51), on the other 
hand, describes this attachment as an intermediate stage of muscle 
attachment to bone to be followed by embedding of the Sharpey's 
fibers into the bone from the perirnY~ium and through the periosteum. 
It is suggested, therefore, that this experiment should be fol .lowed 
post-surgically for at least one year in order to determine exactly 
which type of attachment the findings represent. Is the attachment 
only temporary to be followed by relapse as seen by Symons or 
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is it an intermediate stage to a mature attachment as observed 
by Lacroix? 
This author believes the experimental procedure to be a 
viable one • . In reference to Moss' hypotheses, this author believes 
that the periosteal functional matrix may alter the mandibular 
form and position assuming that there is a vertical dysplasia 
and that the osseous remodeling will acconunodate the inferior 
alveolar nerve. 
The number of animals should be increased to include a 
group of adult cats (control, surgical control, and experimental) 
that have had their bites opened anteriorly by occlusal stents in the 
buccal segments. The effect of the resting position of the muscle 
in this new situation could be judged upon the alteration of the 
mandible that may occur. This experiment had dealt with animals 
with normal occlusions and thus the physiologic response was 
limited. The importance of this point is stressed by Proffit (84), 
Breitner (19,20) and McNamara (55) all of whom recorded the importance 
of having the increased muscle function affect an open-bite 
situation verses a normal occlusion. 
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• 
SUMMARY 
(1) The masseter muscles of the adult cat can be surgically 
anteriorly positioned with subsequent muscle reattachment. 
(2) This surgical procedure apparently impairs neither function 
nor mastication. 
(3) Post-surgically, the overall shape, size, and spatial position 
of the mandible has not been altered. 
(4) Post-surgically, local areas (skeletal units) were affected. 
The new muscle-periosteal location demonstrated increased 
~one fon:,tation, while the area of original muscle attachment 
showed bone resorption. This supports the ·concepts of 
Moss and Wolff in reference to muscle tension causing bone 
deposition and lack of function resulting in bone resorption. 
(5) The limited changes changes are accounted for by 
(a) the muscle stimulation of bone was within physiologic 
. 
limits as opposed to a strong mechanical force. 
(b) the animals did not have any skeletal or dental dysplasia 
which the muscle tension could affect. 
(6) It is suggested that this study be duplicated with animals 
which have anterior open-bites created by mechanical means 
in the buccal segments. 
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Figure 1. Cat placed in the modified cephaloatat. 
Note surgical sling to stabalize head. 
Observe adaptation of ear rods and nose 
piece. 
Figure 2. Experimental animal - pre-operative cephalogram. 
See Figure 4 for explanation of landmarks • 
• 
Figure J. Experimental animal - post-operative cephalogram. 
See Figure 4 for explanation of landmarks. 
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Figure l 
· Figure 2 
.Figure J 
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A 
CEPHALOMETRIC ANALYSIS 
l. Anterior Nasal Spine (ANS) 
2. Floor of Orbit ( Orbitale) 
J. Internal Auditory Meatus ( Porion) 
4. Angular Process 
5. Palatal Plane 
~k.f!.l~tal_Ana.lY.§.i.§. ( Mandible ) 
8 
6. Prosthion (Pr) 
7. Pogonion ( Pog) 
8. Most inferior point 
on mandible 
9. Most distal point on 
cranium 
A- a line from #9 is dropped perpendicular to Frankfort Horizontal 
and a line from #8 is then drawn perpendicular to this. "A" now 
represents the distance between F.H. and Mandibular Plane in 'mm.' 
Any change in MP shall be noted here, i.e. vertical change. 
C- represents the distance in mm from Pogonion to F.H. This shall 
denote any change in vertical position of the mandible as well. 
D- represents the distance in mm from Prosthion to F.H. 
E- represents the distance between "C" and "D" on F.H. Any change in 
horizontal position of the mandible shall be reflected here. As a 
further check, a constant "D" measurement with a changing "C" 
measurement would indicate a mandibular position change. 
B- a perpendicular is dropped from the molar cusp tips to the 
mandibular pla.ne in order to note a change in molar vertical ht. 
An!.e.I:i.Q.r_V~r.iiQ..al E_a_g_e_H!:!,igh1 
Measured as a perpend.from ANS to the line tangent to #8 
Angl~ ~ i ~onial_An.gle_) 
(a) represents .Fog to the top of .the condyle; (b) is a tangent to 
the posterior qf the condyle and perpend. to (a) . 
(c) is a tangent to the inferior border of the mandible and perpend. 
to (b) 
Pogonion to the intersection of (b) and (c) forms angle F with the 
line tangent to the inferior border of the mandible 
&3 
Figure 5. Masseter muscle dettached from the 
mandible. 
1. Masseteric fossa 
2. Masseter muscle dettached 
J. Inferior border of the mandible 
Arrows point anteriorly. 
1igure 6. Masseter muscle sutured to periosteum 
in the anterior position. 
1. Inferior border of the mandible 
2. Angular process 
J. Masseter muscle· in the forward position 
Arrows point anteriorly 
Figure 5 
Figure 6 
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Figure 7. Control animal - post-mortem -
masseter muscle seen in situ. 
l. Masseter muscle in-its normal position 
2. Body of the mandible 
Arrows point anteriorly. 
Figure 8. Experimental animal - Masseter musole healed 
in the anterior position - in situ - post-
mortem. 
l. Masseter muscle 
2. Angular process 
J. Infe.rior border of mandible (anteriorly) 
Arrows point anteriorly. 
Figure 9. Experimental animal - Masseter muscle healed in 
the anterior position - mandible removed. 
l. Masseter muscle healed anteriorly 
2 • Angt1lar process 
J. Coronoid process 
Arrows point anteriorly. 
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Figure 7 
Figure 8 
Figure 9 
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Figure lo. Radiograph of Mandibular 
halves - Control animal. 
l. Condyle 
2. Angular process 
J. Coronoid process 
4. Right mandibular half 
5. Left mandibular half 
6. Masseter muscle 
7. Thick cortical bone at inferior 
border of the mandible 
a. Note dense trabecular pattern 
Figure 11. Radiograph of Mandibular 
halves - Experimental animal. 
i. Condyle 
2. Angular·process 
J. Coronoid process 
4. Left mandibular half 
5. Right mandibular half 
6. Thin cortical bone at inferior 
border of the mandible 
7. Bone marker (bur) 
Figure 10 
Figure 11 
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Figure 12. Tetracycline staining - Control 
Animal. 
Fluorescence is noted on the inferior 
border of the mandible. 
There is no fluorescence observed 
anteriorly. 
Figure 1). Tetracycline staining - Experimental 
Animal. 
Fluorescence is observed anteriorly 
in the area where the masseter muscle 
was reattached. 
Note the fluorscent bony outgrowth 
at the anterior edge · of the masseteric 
fossa. 
Figure 14. Tetracycline staining - Experimental 
Animal. 
Fluorescence is observed anteriorly 
in the area where the masseter muscle 
was reattached. 
Note the fluorescent bony arch in the 
masseteric fossa. 
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Figure 12 
Figure 13 
Figure 14 
.. 
Figure ~5. Control animal - Photomicrograph of 
normal muscle to bone attachment. 
Figure 1.6. 
l. Masseter muscle 
2. Periosteum - a two to three cell layer 
J. Bone - buccal surface of mandible 
( H & E xlOO ) 
Experimental animal - Photomicrograph of 
normal bone, hperostotic bone, thickened 
periosteum, and masseter muscle reattachment. 
1.. Masseter muscle· 
2. Periosteum - a much thickened active layer 
J. Hperostotic bone - immature bund l e bone 
indipative of new bone formation 
4. Normal bone present pre-surgically 
( H & E x20) 
Figure 15 
Figure 16 
73 
' 
Figure 17. Experimental animal~ High power 
photomicrograph of Figure 16. 
Figure 18. 
1. Masseter muscle 
2. Periosteum - a much thickened active layer 
J. Hyperostotic bone - immature bundle bone 
indicative of new bone formation 
( H & E xlOO ) 
Experimental animal - Photomicrograph 
of osseous resorption and fibrous 
replacement at the original site. of 
the masseter muscle; 
1. Osseous resorption and fibrous replacement 
2. Normal bone - mandible 
( H & E x50) 
74 
Figure l-7 
Figure 1.8 
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.. 
Figure 19. Surgical control animal - Photomicrograph 
0£ post-surgical muscle reattachment to 
normal bone and normal periosteum. 
1. Masseter muscle 
2. Normal periosteal layer 
J. Normal bone (mandible) 
Compare to Figure 15 and it is seen that 
these photomicrographs are very similar. 
( H&E xlOO ) 
Figure 20. Surg:tcal control animal - Photomicrograph 
of osseous resorption occurring where the 
masseter muscle was located but not properly 
reattached ( it had not been perfectly 
replaced ) • 
1. Mus~le tags 
2. Osseous resorption 
J. Normal bone 
( H&E xlOO ) 
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Figure L9 
Figure 20 
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